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2.0, OBJECTIVh o

1.0, INTRODUCTION ?

- Comp051tek Englneenlng Conpo*atlon ‘a SubSldlary of the Kelsey~Hayes

Company, was awarded Contract No. DAAEO7~83-ROB2 in August of 1983 by
the US Army Tank ‘Automotive Command. Tne contract 1nvolves de31gn ar-d
automated~process development for fiber-reinforced plastic (FRP).

composite roadwheels fbr the M1 Aorans Maln Battle Tanx.- ._~.v*

The produetlon appnoach to be adOpted fbr the conp031te wheels 1nvolves f%f
high~speed filament~winding, using continuous fibers in a resin matrix.

This produces a complex structure with fibers oriented in-the dlrentlons"7{v
of the principal lcads. -Complex 3-d1men51onal structures of this type e
cannot reasonably be analyzed by conventional technlques so SR

eompute"~based flnlte—element teehnq1ues must be used.

This repo"t descrlbes the de51gn wo”k and finite-element analy31s,-
carried out on the coposite roadwheel, "and outlines the analysis

carried out on the existing aluminum roadwheel to validate the cqnputlngf_i,,_”_
_ techniques and establish baseline loads. Firally, a program of tests to;’ﬁ‘

verify the 1ntegr1ty of the comp051te wheel p"ocess and de51gn 1s e

The pnlmary oojeotlve was to de51gn a eomp031te noadwheel and assoelated -
manufacturing process suitable fbr econamnic production- in *elatlvely e
large. (30,000/year) quantities. 'To validate the design of the wheels .
produced, a.stress analysis was to be done using flnlte-element -
tecnnlques ‘and a tesblng pnognam was unde'taken. ‘ :

3. 0. CONCLUSIONS

Tne de51gn and manufaeturlng p*ocess for tne eomp051te roadwheel has .
been adequately defined, and a test requirement ‘based on the p"Ope"tleS .
of the ex1st1ng alumlnun wheel has been spec1f1ed R . R

'The max1mun allowable radlal 1oad fbr the alumlnun wheel 1s 68 OOO lbs.

(302.5 kN) and the allowaole radial fatigue load, 33,000 lbs. (146 8
kN). The compos1te wheel "is’ adequate to w1thstand these loads. . A~
program of maximun and Iatlgue load testlng for comp031te wheel has been
spe01f1ed, and submltted fbr appnoval R S = 3 :

4.0. RECOMMENDATIONS

v 'Toollng fbr fabnlcatlon of representatlve conponents should pe pnoeured __,;S

5.0. DISCUSSION




' '5.1. Design Approach

5.1.1. General Considerations. Tne general approach is based ‘on the
concept of filament-wound preforms and compression melding, using hard -
tooling meunted in a 300-ton capacity hydraulic press. This app"oach
was chosen to combine speed of manufacture, low technical risk, and
minimum cost, for both pvototype and p"oductlorv umts._, o RS

: The use of fllaznert—mund p"efo"n COHSt"‘UCthﬂ allows the
filaments to be.oriented to give.a- ‘composite with- optimum. properties in
the d1ref"tlors of loading. In the case:ofthe roadwheel, the: major
loadings are.radial .and :lateral. These loads are:pest reacted totby a
combination of radial flbe"s ‘in the wheel dlSk area, and ‘hoop flbe"s in
the rim area. - T : . o

.Composite- mate*lals often exhlblt longute*m c"eep oehav1o*" whlch
may lead to loss of torque in bolted joints. This problem can be avoided
by using metallic inserts around fastener holes. ' When graphite is used
as a reinforcing material, these inserts must be of stainless steel. to
reduce galvanic corrosion effects. When glass is used, nowever, this
galvanic action does not occur, and alunlnum may be used for the ’
vlnserts. . e y ~
5.1.2. Wanufacturlng Sequenﬂe and P*ocess. The technique adopted,fbr_
production of the oriented composite is based on using filament-wound .
preforms. The p”efo"ms are obtained by winding filamentary materlals
‘1mp“egnated w1th re31n onto su1tably~shaped mandrels. BT -

Two- types of‘ fllamer't orlentatlon are: needed for tne roadhweel
a. Qua51~"adlal fibers 1n the dlSk area L
b, HOOp and quaSI—"adl—al fibers in the rlm area

The qua51-'~ad1al flbev-s in both areas are approxlmated oy usmg a .
"polar-winding" technique, using a special-purpose machine, purchased in
. support of this contract (Flgure 5~1). The required mand*el represents
two roadwheel profiles placed back-~teo-back, so - p‘”efO"ms for two wheels
are produced in each winding operation, An outer layer of R
circunferential (hoop) fibers is wound. over -the . polar fibers to acmeve
the finished wheel outer profile and the two -wheel preforms are | =
separated by slitting before they are cured by compression-molding. To .
give additional strength at the free edge of the wheel rim, a stiffening
ring of noop-wound fibers . is produced by separately and bcnded the inner
surface of the rim in a secondary operation. The operations involved in
manufacturing the oompcsn:e parts of the "oadhweel are 1llust"ated in
- Figure 5~2. :
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Moldlng of the wheels is achleved w1thout "emov1ng the p"efovm

from the mandrel; so the mandrel forms the male part of the mold. The"f”'*’7¥55
mandrel. and. p*efo'"m are transferred to a comp"essmn ‘mold mounted inal oo 0w
‘300~ton molding press. The mold is maintained at 350 degrees F- (177 B ?“’

degrees C).  De-bulking: and p*ellmlna*y cure-.of the "oadwheel s achleved by¥
closing the mold under pressure.for 3«6 mlnutes. The wheel: is then BN
renmoved froum the ‘press, the suffenmg ring is oended in place, and tne
completed wheel is post—cured in an oven for 10-15 minutes to achieve

“full resin mat*lx strength. Compre531on molding was chosen over- other
potential consolldatlon technlques such as vacuum<bagging ~and; -

autoclaving because cof the high nompactlor p*essu"es and hlgh o'"deb of
repeatablllty 1t Offe”S.-‘”ﬁqu_, - G e dgER T

, P”Odu”thP of the "oadwheel is completed by maﬂhlnlng off excess»/
material in the hub area, machining the required holes, and bonding in
place the required 1nserts. -Following completion of the composite parts
of the wheel, a rubber tire is vulcanized in plane u51n the same ’
teﬁhnlques used fb" the alunlnum wheel..;-.~~ TS R

5. 1 3 P”oflle ueneratlon and Flber Orlentatlon. Lne'ihte?fééé?“f*
dimensions for the composite roadwheel profile are thickness,

diameter at the huo, and diameter at the rim.  Early in the p"og"am, tne';ﬁg{ngg;;

design goal was to- dupllcate the thickness of the existing aluminum
design at these points, so that the composite pa"t could be assembled

using the same ‘fasteners as the aluminum part. A further constralnt wab 7f;f S

set, based on simple manual ¢alculations, that the*e should: be-

approx1mately equal thicknesses. of” radlal and “hoop’ matevlal 1r the p1m, };2ﬁff B

to give a total thlcxness of a*ound O 5 1n (12 TImn)

: F11ament~w1nd1ng is- essentlally a constant~volume process, 80 the S
variation of thickness and-angle bears a fixed relatinship to the radius L
of winding. Based on theoretical calculatlons a profile for the polar . ..
winding was generated (Figure 5-~3). The p"edlcted polar p*efo'm Co TR
thickness varied from .25-in (6.35 mm) at the rim to .50 in(12.7 mm) at -
the center. The fiber angles (relatlve to a true radial- orlentatlon)

- varied from + 15 degvees at the rim to + 37 degrees at the center o

Preliminary analysis of this wheel de51gn showed  excessive shear
stresses at the rim/disk transition. The profile and winding angle
(See Figure 5-U4) for the preform were changed to give 5reate" thickness
in the transition area, and sllgntly nigher fiber angles. .The fiber
angles on the revised profile vary f*om + 25 degrees at the rim to

+ 80 degrees at the hub. This change alsc "educes the amount of excess
?naterlal whlch must be machlned off the flnlshed wheel. '




'5:1+4. Composite Material Ch01ce.'¢As mentioned previously, :
“E=glass/epoXy was viewed .as'the composite: system Sf choice, “E<glass-+has
an cverwhelming cost advantage compared with other candidate filamentary
reinforcanents such as S-glass or graphite. ' Epoxy resins give good
oompromise between temperatu"e capabillty, toughness cost and ease of
p"ocess1ng. _ S _ .

‘ The glass material prov151onally seleoted is Owers Co"ning Type
30,432 E~glass, although equivalent products are available from other
suppliers. Mechanical property testing was carried out on:a-punber’ of

candidate epoxy’ resms, including products from 'Shell, Furane:and
Celanese., All the resins were judged suitable for the roadhweel
program. The Celanese resin was prov151onally selected .on the ba51s of
favorable company experience with it on-a similar program, to- p*oduoe a
comp031te sp"oket carrier for the U S. Marine Corps. .

The de51gnation of the Celanese resin is 30 - 129. Property data
for the E~glass/epoxy composite selected is given in Table 5-~1, while
data for the T2014-T6 aluninum alloy used in the ex1st1ng 'oadwheel
design is in Table 5-2.. - : : . o

- 5.1.5. Insert Design and Bonding. Composite materials are suoject-to
creep under contact (bearing) stress leading to loss of tension in
threaded fasteners. Tnis can be overcome by using metallic inserts .
around fastener holes. 7076<~T651 aluminum alloy has been selected as
the insert material because it ccmbines low den51ty,-"e1at1ve1y good
CO””OSlon resistance, and hlgh strength. _

The 1nserts will be retained in the compesite material by a
combination of threads cut directly into the composite, and a flexible
urethane adhesive (Furane "Urethane" 5757A/B). This system has proved
satlsfactory on vehlcle tests of a oonp031te Roadwheel . v

5.2, Stress Aha1y31s L

5.2.1. Descriptioh of Technigge.‘ Sthess ahaiysis'of the composite

roadwheel was performed with a 3-~-dimensional model prepared using

the NASTRAN finite~element ccmpute* model Anlaysis proceeded in four
stages: : S :

(2) NASTRAN ahalysis of 'initial' composite design.
(b) NASTRAN analysis of existing aluminum design.
(¢) Load testing of aluminum wheel to validate NASTRAN mcdeling.

- (d) NASTRAN analysis of revised composite design.

14




. TABLE 5-1

E~-GLASS/CELANESE 30~129 , |
LONGITUDINAL MODULUS (E11) = 65ooooo psi (44816 MPa)
TRANSVERSE MODULUS (E22) = 1000000 psi (6895 MPa) -
NORMAL MODULUS (E33) = 1000000 psi (6895 MPa)
INPLANE SHEAR MODULUS (G12) = 600000 psi (4137 MPa) - = - f
LONGITUDINAL NORMAL SHEAR MODULUS (G13) = 600000 psi (4137 MPa)v‘v
TRANSVERSE NORMAL SHEAR MODULUS (G23 600000 psi (4137 MPa)
POISSON'S RATIO (Nu12) = 0.27 - e
POISSON'S ‘RATIO (Nu23) = 0.3 -0 o I
LONGITUDINAL TENSILE STRENGTH = 160000 psi (1103.2 MPa)
LONGITUDINAL COMPRESSIVE STRENGTH = 180000 psi (1241 MPa)
TRANSVERSE TENSILE STRENGTH = 7000 psi (48.26 MPa) -
TRANSVERSE COMPRESSIVE STRENGTH = 15000 psi (103.42 MPa).
NORMAL TENSILE STRENGTH = 7000 psi (48.26 MPa) .
NORMAL COMPRESSIVE STRENGTH = 15000 psi (103.42 MPa) -
INPLANE SHEAR STRENGTH = 10000 (68.95 MPa)
LONGITUDINAL NORMAL SHEAR STRENGTH = 10000 (68.95 MPa)

TRANSVERSE NORMAL SHEAR STRENGTH = 10000 (68.95 MPa)‘“.

.15.-.
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TABLE 5-2

'.ALUMINUM ALLOY 2014—T6

. LONGITUDINAL MODULUS (E11) = 1.05E+7 (10,5 X 106 ¢ pSl or 72395 MPa)f f ; 7

- TRANSVERSE MODULUS (E22) = 1.05E+7 (10.5 X 106 psi or 72395 MPa)
NORMAL MODULUS (E33) = 1.05E+7 (10.5 X 106 psi or 72395 MPa)"
INPLANE SHEAR MODULUS (G12) = 3900000 psi (26890 MPa) = -
LOGITUDINAL NORMAL SHEAR MODULUS (G13) = 3900000 psi (26890 MPa)
TRANSVERSE NORMAL SHEAR MODULUS (G23) 39ooooo p51 (26890 MPa)
POISSON'S RATIO (Nul12) = 0.3 L A
POISSON'S RATIO (Nu23) = 0.3 - . = - L e ;‘
LOGITUDINAL TENSILE STRENGTH = 60000'psi (413.68 Mpa) =
LOGITUDINAL COMPRESSIVE STRENGTH = 60000 psi (413.68 MPa)
- TRANSVERSE TENSILE STRENGTH = 60000 psi (413.68 MPa)
TRANSVERSE ‘COMPRESSIVE STRENGTH = 60000 psi (413.68 MPa)
NORMAL TENSILE STRENGTH = 60000 psi (413.68 iPa) - '
NORMAL COMPRESSIVE STRENGTH = 60000 psi (413.68 MPa)
INPLANE SHEAR STRENGTH = 42000 psi (289.6 MPa) . -
LOGITUDINAL NORMAL' SHEAR STRENGTH = 42000 psi (289.6 MPa)
TRANSVERSE NORMAL SHEAR STRENGTH uzooo p31 (289 6 MPa)

17
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_ Tnhe roadwneel was modeled using épproximétely"1;500 CHEXA éhd_CPENTA
solid elements. Essentially similar techniques were used for both the

aluninum and composite wheels. 1In each case, the model was subjected to j:’

-a radial load of 79,000 (351.4 kN) lbs the maximum value quoted in
Attachment II of the contract. .

Because the NASTRAN analysis was eXﬁlu51ve1y elast1 , it is. p0531b1e to v
predict the stresses resulting from lower or higher load levels. from the
results of the analysis. Tne defined loading conditions pe"mltted“the
‘analysis of a symetr1cal half model (See Flgu"es 5-5 to 5~8) '

For the alunmum model , the wheel geomet"y was oased on TACOM D"awmg '
No. 12274482, and mateflal p"ope"tles were as shown in Table 5-2. R
Geometry of the initial composite design was based on Compositek Drawing
No. CX~00090 (Figure 5-~3), and No. CX~00098 (Figure 5-4). For a
compesite material, mechanical properties vary as a function of fiber
orientation. This effect was allowed for in the NASTRAN model by using
varying material properties depending on the radial pesition of the

- element considered. Composite material properties were computed from-
the basic data of Table 5~1 using an in-house oomputer program. Tne
Avarlatlon of modulus w1th fiber angles is shown in Figure 5—9

; The condltlons of loading and restraint of a "ubbe“~t1red wneel are
relatlvely difficult to. 31mu1ate since ‘application of a fixed load at
- the rim will negate the load~sha"1n effect of the tire. For both
NASTRAN produced-models, the required vertical load was applied at the
center mounting points, and the tire was simulated by a number. of .
constant~-volume, low-stiffness elements between the wheel rim and a _
fixed plane. The restraint effect of the vehicle mounting flange at the
wheel hub was partially simulated by constraining all mountlng bolt
p051tlors to move together ve*tlcally

19




| THIS PACE INTENTIONALLY LEFT BLANK =~ = S 1

20




s T
—eces 40 4

Lechd
Lo N e e B
- CmN 30 b o ¢
sied  evewrmiveem e
L6 L = " $meenos
et 2501 A8 CLIAOIay PR EO M Sorntins s Ny

18608 VD vevy rming

STOWEETTOE | Y owbesnena | noiLvuall ISt - NDISHA ILISOdWOD £-§ FANDIA

s [ veee [ m | T
Six¥ - . . o S ] ) -
ROL-EV I S . i . _H '

43056 — _.
.~ ."d”
o
g
i
ol
2,
>4
Q.
o
. n . o .
: © A © -
|®: 5 s a
g R
. "eR10
0%ee
000
|| =)
» S OB
[T 05z (ﬁ ~| .
; [O5ase - . %
069¢ -
“ ~ '

< El . . : P [

21




THIS PAGE INTENTIONALLY LEFT BLANK '

22




EGE 2 | PRI -

"

NOILVHNDIANOD d3ISOd0Ud-NDISIA JLISOdWOD h-G wMDOE

| SZ 7OV
TGS P T NA P
FTAAOTES |...

=2 S/X\
=%

. .Qmw.&m\__

a0 > -

oL 6.
Ceesos |

N

\.

.S QWNL‘

""'ﬂ =i

23




THIS PAGE INTENTIONALLY 'LEFT BLANK

24




34914 wY2

A 1Y
13d0

%13

]
]

N ¢
$A1Y

g
N

'3
v

. 34WHS G3NN043ANN

IHA XNVL INITISVE MANINNTY
TIIHA ANVL ANEY MANIWRIY®

S-S IYNDIA

25




*'THIS PAGE INTENTIONALLY LEFT BLANK

26




‘31Y1d HNUIN TYEOILN
’ 518

101 QY01 . T 3ISYIENS ‘HO4IA I1LYLS
_ ONIQYOT1 10UdNI €1 000°881
3IHA ANYL 3INIT13ISUE MNNINNIY

1300Mu

$33493Q 68-t18 LIN3WD3S
06LOOBSE T - “43Q-XVUN €

n L) J .
ATUNY 133IHA ANYL AWEY WONIWATY :g9 ¢ 3yNDI4

27




THIS PAGE INTENTIONALLY LEFT BLANK

28




4
.z ‘e
-----

Il
Uiy

]
]

ratiing .-
dEEMERN NS
AP A S R .
TSI peorey . | S,
L) f] -
U -
. .o - e
H Y
IS L] o
- = S - WL S .‘;
)
Pl I N TN '
¥
SRS
hboy-

il
|

ket
'."A\‘“\\\\" Szl ot :
Vet LG

R
O )
g

N L

i

|
.ll. ...

29

COHPOSvITE ARMY TANK UHEEL ANALYSLS HODVEL

FIGURE 5-7:

SECOND GENERATION GLASS/EPOXY TANK WHEEL =~

UNDEFORMED SHAPE
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VHEEL ANALYSIS MODEL

SECOND GENERATION GLASS/EPOXY TANK UWHEEL

COMPOSITE ARMY TANK

FIGURE 5-8:

LD INPACT LOADING
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5.2.2. Stress Data -

5.2.2.1 Evaluation. Behause of the large numper of elenents in the“
NASTRAN models, a large quantity of stress data was generated., -
Preliminary 1nspeﬂtlor of data, however, showed that by far the largest*
stresses were generated alongvthe section of wheel vertically below the
hub (i.e., on the load-path between hub and ground). So detailed
evaluation of the stress data has concentrated on this area. The-
convention used to identify points on the cross-section at whlch _
st"esses are tabulated is shown in Flgure 5—10. ‘ :

5.2.2.2. -Alunlnun wneel Ihe NAbTRAN—p”edlhted "adlal and hoop
stresses for the aluminum roadwheel are tabulated in Table 5~2. ° It can
be seen that the hoop stresses are low, consistent with Poisson effects
in an isotropic material under generally-radial -loading. In the radial
direction locations 0 through 6 reflect stress distribution in the rim
as the rim deflects across its width. The peak predicted radial stress
in this area is approximately 85 ksi. (586 MPa) under a radial load

of 79,000 1lbs. (351.4 kN) locations 7 through 11 reflect the stress
due to pbending at the rim/disk interface, and the peak value predicted
in this area is ~61.5 ksi. (-424 MPa) the very high peaks of ~108.5
(~748 MPa) and 132 ksi (910 MPa), respectively, represent stresses.: ,
‘due to bending in the corners of the angled secticns of the disk.: The -
minor peak, to ~42.5 kis. (~293 MPa) represents a predicted stress around
the hub bolts. = - : S f S N

5.2.2.3.  Validation. A load test of an aluninum wheel supplied to .
Compositek by General Dynamics Land Systems Division suggested that -
NASTRAN-predicted radial stresses were somewhat conservative, probably
due to the strictly linear-~elastic nature of the NASTRAN analysis. The
results of these tests are contained in Compositek Report No. 84-0100.
In essence, it is concluded that the NASTRAN stresses should be reduced
by a factor of 0.53 to more accurately reflect the stresses seen by the
wheel, A second conclusion is that the restraint provided by the
mounting flange in the hub area is considerably better than that-
modeled, reducing the wheel stresses in that area to negligible levels.
The "ev1sed stresses are reduced to 1140 ksi (965.2 MPa) in the disk -
area.

35
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TABLE 5~3.

NASTRAN~PREDICTED STRESSES IN ALUMINUM ROADWHEEL
(UNDER RADIAL LOAD OF 79,000 LBS. (351.4 ki))

HOOP STRESS =~ . RADIAL STRESS

.. LOCATION (KSI) (MPa) -~ (KSI) (MPa) -
0 0. 0. 0 0.
1 - =2.5 ~17.25 9.5 65.5
2 ~7.5 =51.7 28.5 1956.5
3 ~15 ~103.4 52 358.55.
m 2.5 ~17.25 - 85 586.05
5 ~ «15  ~103.4 .8 586.05
6 - =2.5  =17.25 37.5 258.55
7 0 .0 ‘ - =37.5 . ~=258.55
8 ~7.5 -51.7. ~61.5 . ~424.05
-9 -5 <3445 <45 0 <31,05
10 =5 =34.45 W5 31,05
11 0 0 _ 4.5  31.05
12 ~15 ~103.4 ~108.5 - ~T48.1
13 10 68.95 -42.5  ~293.05
14 22.5 155.15 ~ 132 '910.1
15 15 103.4 4.5 0 31.05
16 =7.5 =51.7 L -lI2.5 " -293.05
17 2. 17.25 4.5 31.05

37
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FIGURE 5-10: IDENTIFICATION OF STRESS LOCATIONS
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5.2.2.4,  Composite Wheel. The pattern of stresses in- the rev1sed .
composite roadwheel (See Table 5-4. and Figures 5-13 & 5-~14) show'.a:
pattern similar to the aluminun wheel in the disk area. - The *adlal
stress peaks at the corners of the angled section-of the disk, due to :
bending. The peak values are ~75 ksi (-517 MPa) and +80 ksi (551 6
MPa). In the rim area, stresses ‘in the composite wheel are dlstrlbutedj
differently than in the aluminum wheel, pecause the circumferential = .
(hoop) fibers pick up most of the load. The peak stress in thls reglon
in the comp051te wheel is- ~85 ksi (~586 MPa)

5 2 2 5 Faﬁtors of Safety. A dlreOt nompav"lson of stress levels in
the aluminum and composite wheels is misleading because of dlfferences
in material properties. Aluminum is an isotropic material, while
fiper~reinforced composites are orthotropic. Aluninum and E~glass :
reinforced epoxy resin also have different allowable stress:
characteristics. The factor of safety is obtained by dividing . the
allowable stress by the actual stress. This procedure is straight-
forward for the aluminun wheel, as the allowable stress is constant.
This study uses the yield stress for alumlnum alloy 2014~76 given in
MIL-HDBK-5A, which is 60 ksi. (413.7 MPa). ' To obtain allowable stvess
levels for the composite material at various orientations, the
unindirectional material data form Table 5-~1 was prOﬁessed using . an
in-house computer programn. Both radial and transverse allowable -
stresses were calculated. The allowable stress value giving the lowe"_
factor of safety was used at each location for comparison with the’
alunn1un data. In.every case, radial stresses generated: the lower -
factors. - S AP T ‘ : .
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TABLE 5~4

NASTRAN~PREDICTED STRESSES IN REVISED COMPOSITE ROADWHEEL

(UNDER RADIAL LOAD OF 79 OOO LBS

" HOOP STRESS

- LOCATION - (KSI) (MPa) . -
0 ~20° . '=137.9
1 -32.5 ~ 224.1.
2 ~35 - 241.3
3 =32.5 224.1
4 ~42.5 ~293.0
5 ~32.5 -224.1
6 | ~40  ~275.8
7 ~32.5 ~224.1 .
8 ~15. " ~103.4
9 | =5 =345
10 S0 0
"m0 0
12 5 34T
13 2.5 17.25
W 35 241.3
15 40 275.8
16 R L S S
17 22.5  155.15
47

(351.4 kN)

RADIAL STRESS -

- (KSI) (MPa)
~10 - -68.

=75 =51.7
7.5 ~51.7
2.5 =17
-5 . =34.45
~15° - ~103.4
-15 - ~103.4
- =22.5 . =~155.15
-5 ~103.4
~10 - . ~68.
<5 . =34
5 .- ) ‘“34‘.

~17.5  ~120.
37.5  258.
oo 27,
27.5  189.

2.5 17,

95v; -

25

95

A5
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" Table 5-5 snows the calculated and allowasle stresses, and factors of

safety for the aluminus and composite wheels. ' While the aluninua

. stresses have deen reduced in line with the results of tne validation

tests, the composite stresses are left unchanged. This is almost
certainly conservative, since it is likely that similar non-linear

- effects to those occurring in the aluminun wheel will reduce the stress -

peaks in the composite wheel. Tne factors of safety are illustrated in -

Figures 5-15 to 5-17.

In Figure 5-17, the factors of safety for ooth wieels are shown for

canparison, With the aluminun wheel, there are two sets, where the
factor-of-safety falls pelow 1. Tnese areas are oetw2en locations 3 and
6, in the rim area, and between locations 11 and 15, in the corners of

the angled saction of the disk. Tne glopal minimua féctor-bf;safety is~ .

0.850 under a radial loading of 79,300 lbs (351.4 kN). To restore the

. factor-of-safety to 1, the allowable radial load aust be reduced to

63,000 lbs., (302.5 KN)

Frbm Figufe 5-17, it can pe seen that the coinposite wneel.genérally nas
" higher factors of safety than the aluninun wheel throughout the rin

area, Wwith the camposite safety factor in this area exceeding 1, In the . .

angled section of the disk, the composite wheel has very-
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similar factors of safety to the alumninun waeel. Tng global minimun
factor outside the restrained area at the hub is 0.73 under a'radial
load of 79,000 1lbs., which would regurie a radial load of 62,000 1lbs.
(275.8 kN) to giva a factor of 1. Althouzh this load is marginally less
than the 63,000 lbs (302.5 kN) allowable load for the aluninuas wheel, it
- will be r‘ef'ollected that the conposite wheel stresses are unfactored, '
Waile tne aluminun stresses nhave deen reduced by the factor of 0.53 to
reflect validation test results. If the factor of 0.53 were applied to
the conposite wheel stresses, thz allowaole load would be increased to
116,000 1lbs., (516 ki) con51de*ably greater tuan the value for aluninum,
It should be mentioned that the composite roadwheel, recently d°51bned
‘and tested by Compositek Engineering under USMC Cont"ant showed
strength in testing exceeding the values predicted by flnlte-element
analysis. The low factors of safety in the inner‘hub_areavare
considered to be the result of inadequate constraint in the computer .
model, as discussed for tine aluninun wneel in paragraph 5.2.2.3 asove,
and are dls'egarded. " .

e 2 2.6. thtle dl'eﬁtly relevant fatlgue data is avallaale for tha"’
glass-epoxy conposite material used in the composite roadwheel.
Howaver, filanent-winding with epoxy resin, comoined with ﬂth-p”eSbu”e '
conpression molding, contributes to superlo' ‘fatigue perforanance, It is -
therefore considered reasonable to assume that the composite inaterial -
- will have fatigue behavior at least as good as the aluminun alloy
currently used, and that allowable fatigue load f‘o" the oa"aposn:e vheel -
will be the same (33,000 lbs. (146 8 KN) 'adlal)

5. 5. : Component Testlng

Tne principal requirement for testlng the comp051te ”oadW1°el is to
demonstrate that the conposite conponent is a feasiole alternative to
the aluninum roadwiieel, and has egquivalent properties. As outlined in
paragraphs 5.2.2.5 and 5.2.2.6 above, the aluainun roadwheel is believed
to have a wmaximun allowapble radial 10ad of 68,000 lbs., (302.5 kN) and a
fatigue allowable radial load of 33,000 1lbs., (146.8 kN). It is v
reconnended that these figures be used as test loads for tne conpos1te
wheel. :
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i“DUTY CYCLE‘_f

Radial Loadlng Ratlo _"'

 Radial Load, LBS minimum # Cycles Lateral Load, LBS

R : : ‘ maximum. SRR : R
18000 0 - 40,600 - . - 4500 -
18000 0.2° 1 209,0000 4500
18000 0.4 . - 250,000 S 4500
18000 - SRR X o 132,000 - H500
20000 - 0. 31,500 5000
22000 0.7 20,000~ 5500
24000 0.2 211,000 - .. .-6000
26000 -0 76,000 -~ 6500
36000 | 0 44,500 9000
36000 0.2 62,000 . ' -.9000
145000 . 0 " 43,000 EEEEE T
55000 -0 L4500 - ':O»-
62000 - 0 - 12,700 0
80000 0 15,000 0

158000 . ) 13,000 0

_The duty cjclé'is,a ﬂonservatlve estunate of the dynamlc loads whlch the

track exerts on one roadwhéel station. There are two roadwneels per
roadwheel station. The lateral load of the duty" cycle is a ‘constant
load due to cornering of the vehicle. Tne radial load is cycled. As an
example, a radial load of 18,000 pounds, radial loading ration of 0.2
for 209,000 cycles and a lateral load cof 4,500 pounds.eans that the
load 1mposed on the roadwheel by the track cycles from 'a maximum of
18,000 pounds to a minimum of 3,600 pounds for 209,000 cycles w1th a
constant lateral load of 4,500 pounds. . When determlnlng test
procedures, the vehicle's Governed max1mun speed of 45 mlles per ‘hour
should be con31dered : : e

ADDENDUM: DUTY CYCLE FROM CONTRACT NO;‘DAAEO7~83~R082
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It is preopesed that four composite rocadwheels, complete with tires
vulcanized in place, be subjected to testing. The following test plans
are preopesed:

5.3.1. Initial Feasibility Testing. <rach cof the four test wheels
should be mounted in a test fixture on the Tinius Olsern load testing
machine at Compositek. Tnis machine has a maximum load capacity of
60,000 lbs. (266.9 kN). Using this machine each wheel should be
subjected to a radial leoad cof 35,000 lbs. (155.7 ki) at six pesitions
around the circumference, in turn. This will prove the basic structural
integricy cof the fcur test items.

5.3.2. Ultinate Load Testing. Two of the test wheels shculd pe
allocated for ultimate lcad testing., Using the same test fixture as was
used for initial feasibility testing, out cunted in a test uacnine of
greater load capacity, each ¢f the two wheels should be tested te
ultinate radial load. This work sheuld be carried out by Fruehauf
Corporation, R&D Divisioen, Detroit, Michigan. Fruehauf Corperation is
the parent conpany ot the Kelsey-Hayes Coupany and Coumpesitek
Engineering Cerperation.

5.3.3. Fatigue Testing. The remaining twec test wneels shculd be
allecated for duty cycle/fatigue testing. A preposed test cycele is
shown in Table 5-~7. Tnis cycle is vased on the duty cycle supplied oy
TACOM, out with the peak loads adjusted te reflect a mere realistic
fatigue 1liinit lcad. Based on initial finite~element wmedeling, it is rot
considered that lateral loads have a significant effect on overall
stresses. The propesed metneds cof testing is to use the "bull-wheel"
roller~type wheel tester at Fruehauf R&D Division in Detroit. This
machine has a maximua radial lcad capacity of 35,000 lbs. (155.7 ki).
Although this machine does have capability for applying lateral loads,
this has tec be done oy running the wneel at an angle to the axis cof
rotation, giving rise to an unrealistic distribution of load. This
procedure is net recommended.
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TABLE 5-7 RECOMMENDED TEST CYCLE (FATIGUE)

RADIAL LOAD
(LB) CYCLES

18,000 632,000
20,000 31,500
22,000 20,000
26,000 211,000
26,000 76,000
33,000 235,000

TOTAL | 1,205,500
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